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ing by ElAbstract Objective: To determine whether magnetic resonance imaging has a considerable impact
in the assessment of antenatal suspicion of placenta accreta.
Subjects and methods: Ultrasound and magnetic resonance imaging was performed for 35 gravid
females with placenta previa prior to delivery. Delivery plan was made according to the imaging
suggestion of the degree of placenta previa and the presence/absence of placenta accreta. Findings
at cesarean section were considered the gold standard of reference.
Results: Ultrasound had suggested true-positive diagnosis of accreta in 86.6% (n= 13/15) and
MRI in 93.3% (n= 14/15). Matching between US and MRI ﬁndings took place in 75%
(n= 15/20) of the negative cases and in 80% (n= 12/15) of the positive cases of placenta accreta
in the studied cohort. Sensitivity, speciﬁcity, positive predictive value and negative predictive value
of Ultrasound and MRI were 86.6%, 80%, 89%, 76.5% and 93.3%, 85%, 94.4%, 82.3% respec-
tively regarding their ability to predict placenta accreta within high risk patients with placenta pre-
via.
Conclusion: Magnetic resonance imaging hand in hand with Ultrasound is important for the accu-
rate diagnosis of placenta previa and the seriously co-existing placenta accreta.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
All rights reserved.029047.
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Placenta previa refers to the abnormal implantation of the
placenta in the lower uterine segment, overlying or near the
internal cervical os. The position of the placenta is usually
demonstrable with transabdominal imaging (1).
Placenta accreta (PA) occurs when a defect of the decidua
basalis allows the invasion of the chorionic villi into the myo-
metrium. PA is classiﬁed on the basis of the depth of myome-
trial invasion. In placenta accreta vera, the mildest form of PA,
villi are attached to the myometrium but do not invade the
muscle. In placenta increta, villi partially invade the myome-
trium. The most severe form is the placenta percreta, in which
434 S.M. Mansour, W.M. Elkhyatvilli penetrate through the entire myometrial thickness or
beyond the serosa (2).
Among women with placenta previa, the incidence of pla-
centa accreta is nearly 10%. In this high-risk group advanced
maternal age and previous cesarean section are independent
risk factors (3). Undiagnosed placenta accreta is associated
with signiﬁcant maternal morbidity and mortality (up to
25%) due to intrapartum hemorrhage, uterine rupture, abscess
formation, and bladder and rectum invasion (4).
Prenatal diagnosis of placenta accreta has historically been
difﬁcult, and the accuracy of sonography compared with mag-
netic resonance imaging (MRI) remains in question. The accu-
racy of sonography using gray scale and color Doppler
techniques for prenatal diagnosis of placenta accreta varies
widely in different studies. More recently, MRI, with and with-
out gadolinium, has been explored as a modality for further
improving the prenatal diagnosis of placenta accreta (5).
Our study aimed to detect if there is a need for MR imaging
in the evaluation of cases with high risk of placenta accreta.2. Subjects and methods
2.1. Subjects
The current study had been approved by Kasr ElAini Hospi-
tal, Cairo University; all the included cases gave informed
consent.
Thirty-six pregnant females presenting with placenta previa
had been evaluated in the current prospective study from the
period from January 2010 till June 2011. Such cases were at
high risk for placenta accreta regarding their clinical history
of either one or all of the following: (1) maternal age > 35 -
years, (2) grand multiparity, (3) previous uterine interventional
procedures (e.g. cesarean sections, dilatation & curettage and
myomectomy) in addition to the major co-existing factor
which is placenta previa.
Their ages ranged from 25 to 38 years (mean age: 32.2 years).2.2. Methods
Almost all of the cases (35/36 cases) were subjected to both
ultrasound (US) and magnetic resonance imaging (MRI) of
the pelvis prior elective delivery (P36 weeks gestation).
One case (1/36) had been examined only by MRI examina-
tion just before cesarean delivery.2.2.1. Ultrasound examination
Scanning was performed using LOGIQ 7 PRO, GE (General
electric medial system) ultrasound machine where:
(1) Transabdominal approach for all cases using 5 MHz sec-
tor transducer (done by E.W. & M.S.).
(2) Translabial approach (done by M.S.) using 7–8 MHz
endoluminal transducer was performed in 20 cases
when placenta accreta was suspected and the interface
between the myometrium and the urinary bladder was
not clear due to: (i) considerable obesity and/or (ii) inade-
quate bladder ﬁlling; translabial US was done by introduc-
ing the tip of the endoluminal probe between the labia
minor.Transvaginal ultrasound imaging was not performed as all
the included cases were advanced pregnancies in order to avoid
the risk of: (i) premature rupture of membranes or (ii) infection
when the membranes have been already ruptured (two cases in
the current study).
2.2.2. Magnetic resonance imaging
Pelvic MRI was performed for all cases using a 1.5-T (Gyro-
scan Entra, Philips medical systems, Netherland).
MRI evaluation of the placenta was done in cases with pla-
centa previa included in the study to provide more accurate
diagnosis of the placental location, type of previa and to check
for radiological signs of placental invasion even if preliminary
US was negative.
Cases were imaged in the supine position using pelvic
phased-array coil.
The maternal pelvis was scanned by:
(1) T2-weighted pulse sequence- fast spin echo (FSE): TE
90 ms, TR 5.0 s in the axial, sagittal and coronal planes
using matrix 256 · 192.
(2) T1-weighted sequence-spin echo (SE): TE 15 ms, TR
535 ms in the axial and sagittal planes.
(3) Balanced fast ﬁeld echo (B-FFE): TE 1 ms, TR 3 ms in the
sagittal and coronal planes using matrix 384 · 192.
(4) T2 Single Shot spin echo (SSh-SE): TE 309 ms, TR 15.0 s
in the sagittal plane.
For all the aforementioned sequences slice thickness = 5–
6 mmwith1 mmgap, ﬂip angle = 90 andFVO= 370–400 mm.
Sequences (1) and (2) were performed with respiratory trig-
gering to control maternal and fetal motion artifacts.
Total scanning time is 32 min.
No intravenous injection of gadolinium was used in all
cases.
2.3. Image analysis
Ultrasound analysis (transabdominal approach) was per-
formed by a qualiﬁed consultant of obstetrics and gynecology
(E.W.) who is M.D. certiﬁed (lecturer: 10 years experience).
Second look ultrasound (transabdominal and translabial
approaches) and MR image analysis was performed by a qual-
iﬁed consultant of radiology (M.S.), M.D. certiﬁed (lecturer:
9 years experience).
The authors were blinded to results regarding US analysis
performed by each of them and initial evaluation was per-
formed without knowledge of the operative ﬁndings.
Placenta previa was subdivided according to the position of
the placenta relative to the internal cervical os following
Elsayes et al. (1) into: (1) low-lying, (2) marginal, (3) complete,
(4) central.
Placenta previa ﬁndings that were considered suggestive of
accreta/percreta on US had been based on Comstock et al. (6)
and Wong et al. (7) and included: (1) loss of the retroplacental
hypoechoic clear zone, (2) loss of the bladder wall-uterine
interface, (3) presence of placental lacunae (vascular spaces),
and (4) presence of hypervascularity of the interface between
the uterine serosa and the bladder wall on color Doppler
imaging.
Regarding MRI; ﬁndings of placenta accreta/percreta
following Baugham et al. (8) in addition of being previa
Table 1 Patients with pathologically diagnosed placenta
accreta included in the study.
Pt. age
(n= 15)
Placenta previa
subtype
Prior pelvic surgery
31 Complete CS · 2
37 Complete, anterior CS · 5
36 Complete, posterior CS · 3 + D&C x1 + myomectomy
33 Complete CS · 2
35 Central, anterior CS · 3
35 Compete, anterior CS · 1 + D&C x2
29 Complete, anterior CS · 2
33 Low-lying, anterior CS · 4
28 Marginal, anterior CS · 2
30 Marginal, posterior CS · 2 + myomectomy
37 Complete, posterior CS · 2 + myomectomy
32 Complete, anterior CS · 4
35 Complete, anterior CS · 1
29 Complete CS · 2
35 Complete, anterior CS · 3 + myomectomy
Note: CS= Cesarean section, D&C= Dilatation and curettage.
MR imaging and Placenta accerta 435included: (1) uterine bulging, (2) heterogeneous signal intensity
within the placenta, (3) dark intraplacental bands on T2-WI,
(4) focal interruptions in the myometrial wall, (5) tenting of
the bladder, (6) direct visualization of the invasion of pelvic
structures by placental tissue.
Delivery plan was made according to the imaging sugges-
tion of the degree of placenta previa and presence/absence of
placenta accreta. The ability of US and MRI in proper detec-
tion and assessment of placenta accreta was correlated with
ﬁndings at the cesarean section which were considered the gold
standard of reference.
Statistical analysis was performed using, software (SPSS for
Windows, version 10.0.1, 1999; SPSS, Chicago, IL).
3. Results
The current study included 36 cases of placenta previa at high
risk of the series co-existing placental invasion (accreta).
One case (1/36) had been presented to the emergency unit
by sudden rupture of membranes. Only MRI examination
was performed at Kasr El-Aini hospital just before the cesar-
ean delivery. Such a case had underwent pelvic US that sug-
gested placenta accreta (not performed by the authors) and
so, she was excluded from the statistical evaluation.
Cases statistically evaluated in the study are 35 gravid fe-
males, mean age 32 ± 3 years.
History of prior uterine surgery was elicited in 80%
(n= 28/35).
Cases diagnosed of having placenta accreta as reported by
cesarean delivery data were 42.8% (n= 15/35). Such individ-
uals, their ages ranged between 28 and 37 years with a mean
age of 33 ± 3 years, all of them had previous uterine surgeries
and anterior location of the placenta previa was noted in 60%
of them (n= 9/15) Table 1.
Cases proved of having just placenta previa with no accreta
were 20 cases.
US had suggested true-positive diagnosis of accreta in
86.6% (n= 13/15) (Figs. 2–4) and MRI in 93.3% (n= 14/
15) (Figs. 2–5).Matching between US and MRI ﬁndings took place in 75%
(n= 15/20) of the negative cases (Fig. 1) and in 80% (n= 12/
15) of the positive cases (Figs. 2 and 4) of placenta accreta in
the studied cohort. US had underestimated one case of accreta
instead of being percreta as he was precisely evaluated by MRI
(Fig. 3), on the other side another case had been overestimated
by MRI of being percreta not just accreta as he was correctly
estimated by US especially the translabial approach (Fig. 4).
US had displayed false positive diagnosis of placenta accre-
ta in four cases, true negative in 16 cases and false negative in
two cases. MRI had shown false positive diagnosis in three
cases, true negative in 17 cases and false negative in only one
case.
Table 2 shows sensitivity, speciﬁcity, accuracy, positive pre-
dictive value (PPV) and negative predictive value (NPV) of US
and MRI regarding their ability to predict placenta accreta
within high risk patients with placenta previa in the current
study.
Cesarean delivery operative data were considered the gold
standard of reference.
4. Discussion
Placenta previa-accreta is associated with higher maternal
morbidity, but similar neonatal outcome compared with pa-
tients with an isolated placenta previa (9).
Ultrasound is virtually always the ﬁrst imaging modality
used to evaluate suspected placenta accreta. This modality
has enjoyed great popularity because it is widely available, pa-
tient friendly, and relatively inexpensive. However, ultrasound
is operator dependent and is limited by large body habitus and
posterior placenta. MRI has been shown to be beneﬁcial in
some cases when ultrasound ﬁndings are equivocal or non-
diagnostic (10).
Teo et al. (11) had only described the MRI features of sus-
pected placental invasion in a limited retrospective review
which included seven patients with US ﬁndings suspicious
for placental invasion. They had informed that the described
MRI features were useful in establishing the presence and
depth of placental invasion.
The current research was a prospective study to determine
the need for MR imaging in the radiological diagnosis of can-
didate cases for placenta accreta. Sensitivity and speciﬁcity of
US was 86.6% and 80% while MRI was 93.3% and 85% in
their ability to diagnosis placenta accreta.
A recent study done in 2008 (5) had stated that US had sen-
sitivity of 93% and speciﬁcity of 71% compared to MRI that
had sensitivity of 80% and speciﬁcity of 65%.
Another comparable one (12) had conﬁrmed that pelvic US
using color Doppler is highly reliable to diagnose or exclude
the presence of placental adhesive disorders (PAD) and found
MRI to be an excellent tool for the staging and topographic
evaluation of PAD. They had stated that MR and US Doppler
showed no statistically difference in identifying patients with
PAD, while MRI was statistically better than US Doppler in
characterizing the topography of invasion. MRI had shown
accuracy of 100% in assessing the depth of placental inﬁltra-
tion vs. 75% for US.
Dwyer et al. study (5) had an ascertainment bias as it was a
retrospective study and the criteria for MRI referral were not
uniform.
Figure 1 Placenta previa, complete, anterior. Both US and MRI show no features of accreta. Transabdominal US (A) gray-scale and (B)
color Doppler shows homogenous placenta of normal vasculature. Intact interface between the uterine serosa and the urinary bladder
wall. MRI (C) sagittal T2-weighted FSE and (D) coronal B-FFE show intact myometrium at the site of placental implantation. Note
complete previa covering the internal os (arrow in D). (E) Axial T2-weighted FSE. Note the site of previous cesarean section (arrow).
Preserved low T2 signal intensity of the inner and outer myometrial walls.
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which may be due to the fact that on US basis they rely mainly
upon abdominal US in their estimation yet in our study we had
made use of translabial instead of the transvaginal approach
since our studied cohort were prior delivery (P34–37 weeks
gestation) as it is a risky maneuver at this stage. Translabial -
approach had improved the speciﬁcity of US in our study in
classifying placenta accreta and determining the degree of
myometrial invasion (Figs. 4 and 5), due to near-ﬁeld resolutionof the interface between the placenta and the lower uterine seg-
ment. Moreover, the abdominal transducer is affected by obes-
ity (common association with pregnancy) and the degree of
bladder ﬁlling (full bladder is almost always required); cases
presented in the study were at the third trimester where urinary
urgency is not an uncommon association.
Concerning MRI we had performed spin echo sequences
with controlled mother apnea, such an option had provided
images of better resolution and almost nil motion artifacts
Figure 2 Placenta accreta. Transabdominal US (A) Twin image of Gray-scale and color Doppler show placental lacunae and poor
placental-myometrial interface. MR imaging Sagittal (B) T2-weighted FSE, (C) T1-weighted SE and (D) coronal T2-weighted FSE:
inhomogeneous placenta seen inﬁltrating the inner myometrium. Note, placental lacunae (arrows in (B) and (C)) of bright T1- and
intermediate to low T2-WI signal intensity, incompetent endocervical canal and bulging membranes in (C) and intact interface between the
uterine serosa and urinary bladder in (arrow in D).
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piration, also we had relied upon different sequences (T2WI
FSE, T1WI SE, SSh-TSE & B-FFE) in different orientations
(axial, coronal and sagittal) in evaluating the study cases.
A very recent study done by McLean et al. (13), had in-
cluded a large cohort of gravid patients at a risk for placenta
accreta that had failed to demonstrate the incremental use of
MRI for placenta accreta changes delivery mode in stratiﬁed
analysis. Such a study had performed MRI in a small propor-
tion of the cohort that was only 28.7% (n= 40/139), also
being a retrospective study handles a percentage of US bias
regarding analytical data.
Another study done by Warshak et al. (14) had compared
US and post contrast MR imaging performance in the diagno-
sis and evaluation of placenta accreta. They had reported on
39 cases of conﬁrmed placenta accreta with an unpaired study
design. Ultrasound had a sensitivity of 77% and speciﬁcity of
96% and MRI with gadolinium had a sensitivity of 88% and
speciﬁcity of 100%. The high statistical values in the aforemen-
tioned study may be because they had performed routine
transvaginal ultrasound in addition to the transabdominal ap-
proach in the evaluation of their studied cases as well as using
gadolinium in the MRI examination since according to them it
had more clearly delineated the outer placental surface relative
to the myometrium.
The strength of our study was that: (1) it had evaluated the
individual ability of MR imaging and Ultrasound to predictplacenta accreta in the same group of cases, (2) sensitivity
and speciﬁcity of MR was estimated without the use of gado-
linium, which is the approach most suitable for gravid patients
since the European Medicines Agency warns against the use of
gadolinium before the ﬁrst year of life.
In this study we had relied upon spin echo sequences in
assessing placental invasion to the myometrium or beyond as
follows: (1) T2- weighted images helped in distinguishing the
intermediate signal intensity placental bulk from the inner
and outer myometrial dark layers as well as from the myome-
trium itself which is of more intermediate signal intensity. (2)
T1-weighted images had shown distended tortuous placental/
myometrial vessels as clustered bright signal intensities
(Fig. 2) (probably due to blood stagnation especially in the pel-
vic and lower limb vessels accompanying pregnancy). The
interface between the urinary bladder and the myometrium
was also more clariﬁed at that sequence (Figs. 4 and 5).
T2-weighted images may display overestimation of percre-
ta, in such a case we had to check for disruption of the fat
plane overlying the uterine serosa in T1-weighted sequence.
If the clinical symptoms go with possible invasion (e.g. stiffness
at PV/PR examination, micturition or defection disturbances)
then the ﬁnal diagnosis had to suggest percreta for the sake of
the patient (Fig. 4).
The limitation in using spin echo sequences with respiratory
triggering is a lengthy examining time provided that the FOV
is wide (to occupy as much as possible of the gravid uterus in
Figure 3 Placenta percreta. Transabdominal (A) gray-scale and (B) color Doppler Ultrasound had suggested placenta accreta. MRI
(C) axial T2-weighted FSE shows placental nodular margin and dark interplacental bands. (D) Sagittal and (E) coronal T2-weighted
FSE had shown suspicion of percreta present by focal interruption of interface between the uterine serosa and urinary bladder wall
(arrow in D).
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Figure 4 Placenta accreta. Transabdominal (A) gray-scale, (B) color Doppler Ultrasound had suggested placenta accreta more
conﬁrmed in (C) translabial color Doppler US. Note no abnormal vasculature is noted at the interface between the uterine serosa and
urinary bladder wall; U = urethra, UB = urinary bladder, C = cervix and P = placenta. Overestimated MRI diagnosis of placenta
percreta was suggested: (C) and (D) sagittal and coronal T1- and T2-weighted show placental lacunae and nodular margin of the anterior
placenta with indistinct bladder interface. Asterisks in (C) present a vaginal Bartholain cyst.
MR imaging and Placenta accerta 439the ﬁeld) with large number of slices. Each sequence takes
about 4:30 min duration if pelvic phased array coil was used
(the condition in our study) and if the body coil is used the
time reaches up to 13 min (the latter option was experienced
once but was not actually performed in the study).
The most widely used sequences in placental and fetal MRI,
are Balanced fast ﬁeld echo (B-FFE) and the single-shot turbo
spin echo (SSh TSE) sequences.
Both sequences cover large FOV (the whole gravid uterus)
in a short time with no considered image aliasing and better
co-assessment of fetal anomalies (Fig. 6) and/or twin
pregnancy.
B-FFE produces images with increased signal from ﬂuid
(like T2-weighted sequences) as well as retaining T1-weightedtissue contrast. In the current study B-FFE was a fast sequence
acquired during free maternal breathing in most cases, but our
focus was the placental implantation and its relation to the
myometrium. By using such a sequence we couldn’t easily dis-
tinguish the placenta from the myometrial bulk and its two
layers: all of them display comparable intermediate-low signal
intensity.
SSh-TSE sequence also has potential problems in degrada-
tion of the spatial resolution.
MRI had shown correct diagnosis of placenta accreta in 14
out of the 15 cases with more speciﬁcation of placenta percreta
than US (Fig. 3). On the other side it had given a false impres-
sion of accreta in three cases and an overestimation of percreta
in one case (Fig. 4).
Figure 5 Low lying placenta with anterior focal accreta. Translabial (A) gray-scale, (B) color Doppler Ultrasound had suggested low
lying placenta with no signs of accreta; U = urethra, UB = urinary bladder, C = cervix, H = fetal head and P = placenta. MRI (C)
Sagittal T2-weighted show low lying placenta about 2 cm from the internal os. (D) Coronal T2- and T1-weighted show preserved uterine/
urinary bladder interface. (E) Axial T2-weighted. Note focal disruption of the inner layer of the anterior myometrium at the presumed site
of the pervious cesarean sections (arrow in C and E) seen inﬁltrated by placental tissue (focal accreta).
Table 2 Sensitivity, speciﬁcity, speciﬁcity, NPV and PPV of ultrasound and MRI in this study.
Sensitivity (%) Speciﬁcity (%) Accuracy
(%)
PPV (%) NPV (%)
US 86.6 80 82.8 89 76.5
MRI 93.3 85 88.5 94.4 82.3
440 S.M. Mansour, W.M. ElkhyatMatching between US and MRI ﬁndings took place in 75%
(n= 15/20) of the negative cases and in 80% (n= 12/15) of
the positive cases of placenta accreta in our work.
MRI and US had matched diagnosis regardless the out-
come in 77% (n= 27/35) and mismatching took place in 23%.When ultrasound and MRI diagnosis is not matching, it is
probably best to consider that the more aggressive ﬁndings are
correct. False positive imaging results are less harmful to the
patient than false negative ones as the obstetrician will be pre-
pared for the possibility of hysterectomy and (if percreta with
Figure 6 Placenta previa, complete, anterior. MR imaging (A) sagittal B-FFE and (B) coronal T2-weighted single shot (SSh) FSE. Both
sequences show difﬁcultly in differentiating the interface between the myometrium and placenta as well as inability to assess placental
vasculature. Note central nervous system (CNS) fetal anomalies: ventriculomegaly and corpus callosum agenesis.
MR imaging and Placenta accerta 441invasion) bladder/rectum resection rather than be subjected to
such possibilities with no preparation.5. Conclusion
Magnetic resonance imaging hand in hand with ultrasound is
important for the accurate diagnosis of placenta previa and
the serious co-existing placenta accreta. Co-operation of both
modalities may provide more diagnostic information. Inclu-
sion of MR imaging in the routine evaluation of patients with
placenta previa may reduce hospital stays and unnecessary
interventions with favorable outcome.
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